ABSTRACT
Introduction
Since the adoption of reform and opening-up policy, China residents' consumptive level has been dramatically increasing as a whole. In the meanwhile, owing to the difference of history and culture, the consumptive level in different regions differs greatly. Furthermore, this trend is still upwards. Although some rules and regulations were drawn up by Chinese government in order to expand domestic demand, the status quo is not changed but aggravated. Under these circumstances the retailers should take what kind of price strategies to maximize their own revenues and respond to the call of the government (in other word: improve the service level). I will discuss this problem in this paper.
There are many perishable products in reality, such as: meats, drugs, fashionable dress. Usually, perishability is classified into two categories [1] : fixed lifetime and random lifetime. In this paper we will restrict attention only to the former category.
The papers related to optimal pricing for perishable product are abundant. Gallego and van Ryzin [2] constructed a continuous-time, time-homogeneous stochastic model to analyze some properties of optimal price, give an exact solution in the exponential demand case, and prove the asymptotic optimality of the deterministic policy. Bitran and Mondschein [3] analyzed a discrete-time pricing model and tested in on apparel retail data. Zhao and Zheng [4] discussed the continuous-time model with a time-varying demand function and provided results on the monotonicity of optimal prices over time. Das Varmand and Vettas [5] analyzed the problem of selling a finite supply over an infinite horizon with discounted revenues, where the discounting provides an incentive to sell items sooner rather than later. Feng and Gallego [6] discussed an interesting stochastic model of dynamic pricing where demand is Markovian and may depend on the current inventory level. Zhang and Cooper [7] model a pricing control problem. They acknowledge the complexity of the dynamic program, construct heuristics, and test performance using a numerical study. Dong et al. [8] examine both the initial inventory and subsequent dynamic pricing decisions with a multinomial logit model of consumer choice. Their work focuses on horizontally differentiated products, uses numerical experiments to demonstrate the value of dynamic pricing, and illustrates the value of their approach in determining near-optimal initial inventories.
The main method used in papers [2, 6, 7, 9] is the dynamic programming. There the terminal functions of optimality equation are usually equal to zero despite how many products are left if the salvage value is not considered. We will use the same method with different terminal functions in this paper. In addition to obtaining the maximum revenue, our aim is to control the service level, and it is directly reflected by the number of unsold product at terminal time. Therefore the terminal function defined in this paper adopts the following strategy: if the number of unsold product is more than a given number, some "penalty" will be implemented, and the poorer the region that the stores link is, the more "penalty" is implemented. The degree of "penalty" is negatively correlated to a parameter, called consumer factor, which is a function that positively correlated to the consumption levels of the regions. Using this terminal function, the optimality equation and some properties relating to region factors are obtained: marginal value is a decreasing function of the capacity and an increasing function of the consumer factor. Basing on these properties, the strategy, which not only maximizes the retailer's revenue but also improves its service level, is given.
The remainder of the paper is organized as follows. In Section 2, we describe a dynamic pricing model. In Section 3, we investigate some properties of the expected value function. In Section 4, we present a numerical experiment to illustrate properties of the model. Concluding this study, we give our conclusions in Section 5.
Proposed Model

Preliminaries
Consider a firm that sells M (discrete) items of a kind of perishable product in T periods. Here we assume there is only one customer per period and the customer in period t , where , has a willingness to pay ; that is, a random variable with distribution
Therefore, if the firm offers a price in period , it will sell exactly one unit if (with probability
denote the demand rate, we can define an inverse-demand function
and revenue-rate function is
The inventory and demand in this case are both assumed to be discrete. On the other hand, let
and assume it is strictly decreasing in the demand . Equivalently, it is strictly increasing in the price . , and called terminal function, which will be defined in the following subsection.
Definition of Terminal Function
In traditional revenue management, if salvage cost does not consider, the expected revenue at terminal time is defined as zero usually. It is rational because the selling is stop at terminal time. However, if the region that is poor, the consumption level is very low, some products are unsold. Neither sellers nor potential customers want to see this situation.
Here we adopt a strategy to control the number of unsold product, if it is more than a given number, some "penalty" will be implemented. Firstly, let a parameter  for 0 1    corresponding to the region that the seller links, which is called consumer factor and positively correlated to the consumption level of this region, such as: if the regions are Shanghai or Beijing,  is 1, and  is 0.3 if they are Xining or Guiyan (they are two cities in China). Secondly, we define a function related to the consumer factor, if the ratio of unsold product is less than the region factor, the value of this function is zero, otherwise is decreasing to the number of unsold product. This is just the terminal function we want to define. For convenience, in this paper it is defined as
where A is a positive constant and  
x expresses the maximum integer number less than x . Obviously, when 1   , the terminal function is zero, this is just the "traditional" terminal function.
Optimality Equation
In order to find the optimal policy, here we give out the optimality equation of this problem, that is the following Bellman Equation:
with boundary conditions 
Different values of  reflect different regional condition and thus, lead to distinct control policies. Therefore, for clarity, the consumer factor parameter will ap- 
Properties of the Value Function
From Section 2, we are aware that the differences of the value function, which represent the marginal revenues of remaining capacity, play a critical role in making optimal decisions. In this section, we explore the structural properties of the value function in Theorem 1, and another property relating to consumer factor in Theorem 2. Theorem 1.
Proof: The proof is by induction on . t First, when , from the definition of terminal function, we have
It is true obviously in this case.
Assume it is true for period , and consider period . Let denote the optimal solution to Bellman equation (1) for inventory level 
From the optimality of , the following inequalities hold:
Substituting into (3), rearranging and canceling terms yields 
